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i The pion electric polarizability, , the leading order hadronic contribution to the 

C 3 ' muon anomalous magnetic moment, a» Tp " , and the ratio of the difference to the 

sum of vector and axial-vector correlators, (V — A)/(V + A), are found within the 
instanton model of QCD vacuum. The results are compared with phenomenological 
estimates of these quantities following from the ALEPH and OPAL data on vector 
f**) ' and axial-vector spectral densities. 



In the chiral limit, where the masses of u, d, s light quarks are set to zero, 
the vector (V) and axial- vector (A) current-current correlation functions in 
5J] ■ the momentum space (with — q 2 = Q 2 > 0) are defined as 

^\q) = i J d 4 x e^fix) = (q^q v - g^q 2 ) Uj(Q 2 )S ab , (1) 

n^ b (x) = (o|r{^(x)j, b (o)t}|o), 

where the QCD V and A currents are = q^f^^q, J^ a = (77^75-^(7, 
and A a are Gell-Mann matrices (trA a A b = 2<5 ab ) in flavor space. The 
momentum-space two-point correlation functions obey (suitably sub- 
tracted) dispersion relations, 

/•OO 1 -1 

nj W) = / — 7^- ImII ^ s )' ( 2 ) 
Jo sty f 

where the imaginary parts of the correlators determine the spectral func- 
tions pj(s) = 47rImLIj(s + zO) measured by ALEPH 1 and OPAL 2 . 

In the instanton liquid model (ILM) gauged by interaction with exter- 
nal vector and axial-vector fields 3 the correlators in the chiral limit have 
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transverse character 4,5 



K (Q 2 ) = [9, 



n ILM 



(3) 



and the dominant contribution to the correlators is given by the dynamical 
quark loop which was found in 4 ' 6 with the result for the vector current 



n " ,L "" P ^7 j 
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M+M- + 



k — ~~ k i 

+ 3 x 



(4) 



(M (1) (fc+,fc_)) 2 (fc+/c_-M + M_)- (M 2 (fc+,fc_)) (1) | + 



+ 



8iV c f d 4 k M(k) 



I 



Q 2 J (2tt) 4 D(k) 



M'(k) - -k 2 ± M^ (k,k + Q,k) 



where the notations k± — k ± Q/2, k\ = k + k- 



(k+q)(k-q) 



D (k) = k 2 + 



M 2 (k), and M± = M(k±), D± = D(k±) are used. We also introduce the 
finite-difference derivatives defined for an arbitrary function F (k) as 



F«(fc,fc') 



F(k') - F(k) 
k' 2 - k 2 : 



F( 2 ) (k,k',k") 



F^(k,k")-F^(k,k') 

fc/>2 _ fc/2 



(5) 

The difference of the V and A correlators is free from any perturba- 
tive corrections for massless quarks and very sensitive to the spontaneous 
breaking of chiral symmetry. The model calculations of the chirality flip 
V — A combination provides 

d 4 k 



TjQLoop 
LL V-A 



f 



(2tt) 4 D+D 
y/M+M-MW (k+,k-) + 



M+M. 



3 k± 



(f 



M (1) {k+,k- 



r M^k + + yJMlk. 



Vice versa, V and A correlators are separately dominated by perturbative 
massless quark loop diagram in the high momenta region. In the model 
calculations this dominance is reproduced because in the chiral limit the 
dynamical quark mass generated in the instanton vacuum, M(k), vanishes 
at large virtualities k 2 . 

With help of the Das-Mathur-Okubo (DMO) sum rule it is possible 
to estimate the electric polarizability of the charged pions by using the 
Gerasimov relation 



a 



(rl) _ Idmo 
3 f 2 



(7) 
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Figure 1. Normalized V — A correlation function Eq. (13) obtained from the model 
(solid) and reconstructed from the ALEPH experimental spectral functions with next- 
to-leading accuracy in a a (dashed). 



where Id mo is the integral corresponding to the DMO sum rule 
Idmo = ^2j o i [Pv (•) - PA (•)] = W [Q 2 Kv-a (Q 2 )] • (8) 

From (7) with values of charged pion radius and Idmo obtained from the 
model (see for further details 6,T ) one finds the value 

which 

is close to experimental numbers [a^±] exp = 2.71(88) • 10~ 4 fm 3 2 and 8 



r E -I pibeta _ f 2.68(9) • 10~ 4 fm 3 full data set, 
L a 7r±Jox P ~ | 2.90(9) • 10~ 4 fm 3 kinematically restricted data set. 
New precise results on pion and kaon polarizabilities are expected from 
COMPASS 9 . 

The leading order hadronic vacuum contribution to the lepton anoma- 
lous magnetic moment is given by 

2 2 f 1 

where Tlv(Q 2 ) = Hv(Q 2 ) — Ily(O), mi is the lepton mass, and the charge 
factor 2/3 is taken into account. One gets the model estimate 

[< vp W] mode l = 6.2 (0.4) • 10" 8 (11) 

which is in a reasonable agreement with the phenomenological numbers, 
found from precise determination of the low energy tail of the total e + e~ — > 



a^P(!) = -- a 2 / dx(l- x) Ily ( -mf ) , (10) 
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hadrons and r lepton decays cross-sections 10 

rhvp(i), / 6.934(88) -Hr 8 , e+e~, , . 

^ Joxp ~ \ 7.018(90) -lO" 8 , t. 1 > 

As by product we estimate also the anomalous magnetic moment of the r 
lepton as 6 [ar Vp(1) ] mo doi = 3.1 (0.2) • 10~ 6 . 
The ratio of correlators 

RvAQ ] ~ n v _ A m 2fi v W) ( } 

characterizes the chirality transfer in dependence of passing virtuality. 
In (13) the vector correlator fly (Q 2 ) is defined above and the axial- 
vector correlator is defined with kinematical pole removed: Uv-a{Q 2 ) = 
Rv-a{Q 2 ) + f 2 /Q 2 - This pole is not visible in experiment and difficult for 
detection on the lattice. From general grounds one expects that this ratio 
is unit at zero virtuality, and it goes to zero at large virtualities where per- 
turbative dynamics dominates. In Fig. 1 we present the ratio of correlators, 
Rv,a, reconstructed from ALEPH spectral data. 

The region of intermediate momentum transfer provides nontrivial tran- 
sition between low energy dynamics described in terms of chiral symmetry 
structures and high energy dynamics with relevant operator product expan- 
sion language. The problems of standard approaches are the rapid growth 
of independent operator structures with less sensitivity of their experimen- 
tal determination when moving beyond the applicability region. Moreover, 
there is a problem to define an energetic scale at which the standard ex- 
pansions begin to work. These problems can be overcome with the aid of 
the instanton model of QCD vacuum. New data from ALEPH and OPAL 
on inclusive hadronic r lepton decays are very helpful in study of current 
correlators, one of the simplest objects, at intermediate momentum trans- 
fer. 



Acknowledgments 

The author thanks the Organizers of Spin 2004 for hospitality and financial 
support. The work is partially supported by RFBR (Grant nos. 04-02- 
16445, 03-02-17291, 02-02-16194) and by Heisenberg-Landau program. 



References 

1. R. Barate et.al. [ALEPH Collaboration], Eur. Phys. J. C4, 409 (1998). 

2. K. Ackerstaff et.al. [OPAL Collaboration], Eur. Phys. J. C7 (1999) 571. 



2, 2008 1:45 Proceedings Trim Size: 9in x 6in 



dorokhov 



5 

3. I. V. Anikin, A. E. Dorokhov and L. Tomio, Phys. Part. Nucl. 31 (2000) 509 
[Fiz. Elem. Chast. Atom. Yadra 31 (2000) 1023]. 

4. A. E. Dorokhov and W. Broniowski, Eur. Phys. J. C32, 79 (2003). 

5. A. E. Dorokhov, Phys. Part. Nucl. Lett. 1 (2004) 240. 

6. A. E. Dorokhov, Phys. Rev. D70, 094011 (2004). 

7. A. E. Dorokhov, A. E. Radzhabov and M. K. Volkov, Eur. Phys. J. A21 
(2004) 155. 

8. E. Frlez et al. [PIBETA Collaboration], Phys. Rev. Lett. 93 (2004) 181804; D. 
Pocanic, private communication, (2004). 

9. A. Bressan, Physics Results from COMPASS, talk at this conference. 

10. B.L. Roberts, New Results on Muon (g-2), talk at this conference. 



